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[57] ABSTRACT

In the step of plastic encapsulation of a semiconductive
device, the inner ends of a group of leads comprising
part of a lead frame, the semiconductive chip and the
connections between the chip and the inner ends of the
leads, are put into a cavity of a mold and fluid encapsu-
lating material is forced into the cavity to surround the

. elements that are 1n the cavity with encapsulating mate-

rial. A lead frame, which may be supplied in strip form,
is provided, a part of which is so formed as to act as a
gate for the admission of fluid encapsulating material
into the mold cavity.

264/229 4 Claims, 3 Drawing Figures
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GATELESS INJECTION MOLD FOR
ENCAPSULATING SEMICONDUCTOR DEVICES

CROSS REFERENCE TO RELATED
APPLICATIONS

This application i1s a continuation of Ser. No.
388,620, filed June 11, 1973 and now abandoned,
which in turn was a division of Ser. No. 79,601, filed
Oct. 9, 1970, and now U.S. Pat. No. 3, 753 634.. 10

RELATED INVENTIONS

The 1invention of the present appllcatlon 1S related to
those in the following patents assigned to applicants’
assignee; U.S. Pat. No. 3,444,441, issued May 13, 15
1969; U.S. Pat. No. 3,413,713, issued Dec. 3, 1968;
and U.S. Pat. No. 3,539,673, 1ssued Nov. 10, 1970

BACKGROUND

It is known to provide lead frames in strip form and to 20
connect bonding pads on a chip on which a circuit has |
been deposited to inner ends of corresponding leads of
the lead frame, and then to place the chip, the inner
ends of the lead frame and the connections thereto into
the molding cavity and to force fluid encapsulating 25
material into the mold cavity, thereby filling the cavity
and encapsulating the chip, the inner ends of the lead
frame and the connections thereto. In doing this in
accordance with the prior art, a gateway in the mold is
provided for the cavity for the entry theremnto of fluid 30
encapsulating material and the gateway is connected by
a feed runner to a main runner. The main runner is
connected to a reservoir into which the encapsulating
material is placed and liquified by applying heat thereto
and a piston is forced into the reservoir to force the 35
fluid through the main runner, through the feed run-
ners and through the gates into the several cavities
formed in the mold. The provision of the feed runners
and gates complicates the construction and mainte-
nance of the mold. Furthermore, in the prior art the 40
main runner runs alongside the strip frame and to one
side thereof whereby the feed runners. are quite long
since each thereof runs about half-way across the lead
frame from the main runner to the cavities. Each time
a mold is used, the cavities thereof and the main and 45
feed runners must be cleaned out, since a clogged run-
ner will prevent the cavity from being filled with encap-
sulating fluid, resulting in a reduced yield of properly
encapsulated semiconductor devices.

It is an object of this invention to provide a lead 50
frame, which may be provided in the form of a strip of
lead frames, which do not require feed runners or gates
in the mold when the inner ends of the lead frames are
encapsulated as part of an encapsulated semiconductor
device. | 55

It is another object of this invention to provide the
combination of a lead strip and a mold requiring no
feeder runners or gates in the mold.

SUMMARY

A lead frame is provided which is cut, stamped,
etched or formed in any manner out of conductive
material in which at least one of the support bars,
which are integral with the leads near the inner ends
thereof, is made relatively wide so that it can act as at 65
least a portion of the floor of a main runner for encap-
sulating material. The wide support bar is so notched or
formed along the length thereof so that the main leader

60

2

communicates with the space around the chip and its
connections that will be filled with encapsulating mate-
rial whereby no feeder runner or gate is required.

DESCRIPTION

The invention will be better understood upon reading
the following description in connection with the ac-
companying drawing in which

FIG. 1 illustrates the lead frame and the mold of this
invention in their cooperative position,

FIG. 2 is a view of the device of FIG. 1 taken on the
line 2 — 2 thereof, and

FIG. 3 shows a completed encapsulated device made
by use of the lead frame and mold of FIGS. 1 and 2.

A strip 10 of lead frames 12 is provided. While only
three lead frames 12 are shown in strip form, there may
be as many lead frames 12 as desired in the strip 10.
The strip 10 may be made of any suitable conductive
material, such as mild steel which is gold plated. While
a frame having six leads, three of which come in In
opposite directions from the other three, will be de-
scribed, the frame may be provided with any number of

. leads and in whatever arrangement thereof that is con-

venient.

The strip 1¢ compnses two end bars 14 and 16 hav-
ing indexing holes 18 along the length thereof. The end
bar 14 may also be formed with external segmental
notches 20 and internal segmental notches 22, which
may also be used for indexing. Crossbars 24 are pro-
vided which run parallel to each other and perpendicu-
larly to the end bars 14 and 16 and which include a lead
frame 12 between them. The crossbars 24 are so
spaced that their facing edges are separated by one
dimension, the width dimension for example of the
completed encapsulated semiconductor device of FIG.
3, as will be further explained. Each lead frame 12
includes two support bars 26 and 28. The bar 26 may
be narrow and uniform in width and extend along the
length of the strip 10, being integrally connected to the
crossbars 24. The support bar 28 is quite wide and 1t
also extends along the length of the strip 10 and is
integral with the crossbars 24. The facing edges of the
support bars 26 and 28 are separated by another di-
mension, the length dimension, for example, of the

encapsulated semiconductor device of FIG. 3. How-

ever, the support bar 28 is not uniform n width in that
a notch 30 is formed in the bar 28 along the length
thereof between two crossbars 24 and facing the other
support bar 26. As shown, the notch 30 is between the
inner ends of the two leads 32 and 34 that extend
towards the crossbar 26 from the crossbar 28. Also as
shown, the inner end of another lead 36 also extends
from the crossbar 28 towards the crossbar 26. The lead
end 32 extends nearly perpendicular to the bar 28 and
the lead ends 34 and 36 curve towards each other so
that the ends of the leads 32, 34 and 36, which may be
shaped in any convenient shape, are near a chip sup-
port pad 38. In many types of lead frames, no chip
support pad need be provided. It will be understood
that the notch 30 can take any shape or dimension or
position as long as it performs its function of acting as
a molding gate, as will be further explained, and as
many notches 30 as is desirable may be used.

The ends of three other leads, 40, 42 and 44, extend
from the inside edge of the support bar 26 towards the
support bar 28. The lead 42 extends perpendicularly to
the bar 26 while the leads 40 and 44 curve towards

each other. The end of the lead 44 comprises the pad
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38 for supporting the chip 46 of the semiconductor
device. The ends of the leads 32, 34, 36, 40 and 42 are -

connected by connecting wires 48 to bonding pads on
the chip 46. The chip itself is bonded to the support 38

whereby the lead 44 is connected to the chip 46. The 5
inner part of the leads 32, 34, 36, 40, 42 and 44, the
pad 38, the chip 46 and the connections 48, are all to
be encapsulated by encapsulating material whose out-
line takes the shape of the rectangle 50 and whose

shape may be seen in FIG. 3. Then, after encapsulation, 10

the support bars 26 and 28 are cut along the edges of
the leads 32, 34, 36, 40, 42 and 44 as for example on

the dotted lines 52. In the molding step, the notch 30
acts as a gate for the entry of the encapsulating fluid
into the mold cavity that contains the inner ends of the 15
leads 32, 34, 36, 40, 42 and 44, the chip 46 and the
correSponding connections 48, the support bar 28 act-
1ng as at least a portion of one wall of the main leader

as 1s explained hereinafter.

The mold itself, see FIGS. 1 and 2, comprises an 20
upper mold portion 60 and a lower mold portion 62.
The upper mold portion runs lengthwise of the strip 10
and has as many cavities 64 and 68 as are convenient,
one for each lead frame 12, the cavities 64 being large
enough to include the chip 46, the connections 48 and 25
the inner ends of the leads 32, 34, 36, 40, 42 and 44 up
to the support strips 26 and 28 in one direction and up
to the adjacent crossbars 24 in the other direction. The
upper mold also includes a main runner 66 which runs
the length thereof. The main runner 66 is so positioned 30
with respect to the bar 28 that the bar 28 closes off at
least a portion of the bottom of the runner 66 and the
notches 30 act as gates for the several cavities 64
whereby encapsulating fluid forced down the runner 66
gets Into the cavities 64 and 68 by way of the notches 35
30. The bottom part of the mold 62 has a cooperating
cavity 68 that registers with the cavity 64. Due to the
contacting of the mold portions 60 and 62 on the upper

and lower surfaces of the bars 24, 26 and 24 and 28, the

encapsulating fluid is retained therebetween. After the 40

fluid has hardened in the closed mold, the mold por-
tions 60 and 62 are removed, the end bars 14 and 16
are cut away. The bars 26 and 28 are cut through be-
tween the several leads as on the lines 52 and the com-
pleted encapsulated semiconductor device of FIG. 3 45
results. The scale of the drawing is very large. Actually,
the distance between the extreme ends of the leads 32
and 34 may be about an inch, in one practical semicon-
ductor device, and the other dimensions may.be pro-
portional thereto. | 50

It 1s clear that two or more notches such as notch 30
may be formed along the length of the bar 28 and be-
tween the leads 32, 34 and 36 or between the leads 34
and 36 and the adjacent crossbar 24. Or, if no leads
extend into the space between the bars 28 and 26 from 55
the bar 28, the notch 30 may be made any size up to the
width of the completed device of FIG. 3, that is, the
notch may extend any part or all of the distance be-
tween the adjacent crossbars 26.

The above description is of one embodiment of this 60
ivention and this invention is not to be limited by the
shape of the lead frame or of the chip or of the connec-
tion of the chip to the conductors comprising the lead
frame but is limited only by the appended claims.

What 1s claimed is: | 65

1. In a gateless mold having a plurality of cavities
therein, each for reception of an electrical unit at-

4

tached to a frame member in order that such unit can

be plastic encapsulated in said cavities, said mold hav-
Ing a runner groove adjacent such cavities for receiving
liquid plastic that is introduced under pressure into said

mold and into said cavities from the runner groove in a
controlled manner through a gate opening of a prede-
termined size, said mold -itself having no such gate
opening of a predetermined size extending from said
runner groove to each said cavity to provide for such
introduction of plastic under pressure into each cavity,
said gateless mold comprising at least two parts to be
closed together for a molding operation and being
adapted to have a frame member having gates therein
positioned between said two parts when the mold is
closed for a molding operation with said frame member
adapted to fit over the mold runner groove and each
cavity in a position such that the flow of liquid plastic
passes from said runner groove to said cavities through
said frame member gates.

2. In a mold structure having a plurality of cavities
therein for encapsulating electrical devices in said cavi-
ties by means of liquid plastic under pressure which
requires a gate for control of the liquid plastic intro-
duced mto each said cavity, said mold structure having
a runner system therein spaced from said plurality of
cavities to which to supply plastic under pressure into
each cavity, and said mold structure having no gate in
the structure for the control of plastic introduced from

sald runner system to each of said cavities, said mold

structure having two parts adapted to accommodate a

metal body therebetween which has gates therein cor-
responding in number to said cavities in the mold struc-
ture and said metal body being combined with said
electrical devices to be encapsulated, with said mold
structure adapted to accommodate such a metal body
in a position relative to said runner system and a cavity
when said two parts of said mold structure are closed
such that liquid plastic introduced under pressure into
the mold structure and said runner system passes from
said runner system:through said gates and into said
corresponding cavities.

3. In a mold structure as defined in claim 2 wherein
said runner system in said mold structure includes a
main runner which extends over the length thereof and
1s covered by a portion of such a metal body so that the
gates in the latter control the flow of liquid plastic in
the main runner to said correspondiizg cavities.

4. In a gateless mold structure for a molding opera-
tion with liquid plastic under pressure having a plurality

of cavities to plastic encapsulate electrical means in

each such cavity and which molding operation requires
a gate to control the flow of liquid plastic into each
cavity, said mold structure having at least two parts
which when closed for a molding operating provide
said plurality of cavities, and said mold structure in-
cluding a runner groove therein for the feeding of lig-
uid plastic to said cavities, which said runner groove
has no gate therefrom to said plurality of cavities, and
with said two-part mold adapted to have a frame mem-
ber introduced therein for cooperating with said elec-
trical means to be encapsulated, which is not physically
a part of the mold structure itself, said frame member
having gates therein which are each of a predetermined
size adapted to be positioned with respect to said run-

ner groove and said cavities so as to control plastic flow _

through the gates to the corresponding cavities.
| | k k% %k ok * o |
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